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Abstract 
We study the relationship between creative tasks and the quality of learning. We found that when confronted with 
problem posing contexts, a high achiever in mathematics displays cognitive flexibility, and reaches a number of new 
understandings that allow deep learning. Consequently, efficient learning can be promoted in a context that combines 
problem posing and problem solving situations. 
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1. Purpose of study  
In this paper we investigate to what extent a creative context can stimulate in-depth learning. To this 
end, we turned to a relatively accessible way of organizing classroom activities, namely problem posing 
(PP). The relationship between PP and mathematical creativity is discussed in terms of cognitive 
flexibility, which has been conceptualized as consisting of three primary constructs: cognitive variety, 
cognitive novelty, and cognitive framing (Furr, 2009; Spiro, Feltovich, Jacobson, & Coulson, 1992).   
We will study these features for a gifted student placed in a context of PP. We chose to present this 
case as evidence for our hypothesis (i.e. creative contexts strengthen deep learning) because the 
argumentation is even more significant in the case of a high achiever, which already possesses structured 
knowledge. First we analyze to what extent the student meets the cognitive flexibility characteristics, and 
then we evaluate his progress in learning. 
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2. Theoretical background 
A variety of terms are used in reference to problem posing. In the present study, we adopt Silver’s 
(1994) position, pointing that „problem posing refers to both the generation of new problems and the re-
formulation, of given problems”. The literature on PP shows that this activity should play a more 
important role in teaching, and emphasizes its connections to creativity. Various researchers (such as 
English, 1998; Silver, 1994) perceive PP as a way to involve all students in creative activities, regardless 
of their level of understanding and training. On the other hand, many works consider that there are links 
between creativity and giftedness, but the relationship is not fully clarified (Sternberg & O'Hara, 2000).  
Some researchers have reported a positive relation among PP ability and mathematics achievement 
(English, 1998; Leung & Silver, 1997). Other studies (e.g. Cai & Cifarelli, 2005; Singer, Pelczer & 
Voica, 2011; Singer, Ellerton, Cai & Leung, 2011) argued that instruction that includes problem-posing 
tasks can assist students to develop more creative approaches to mathematics. However, the relationship 
between student’s ability to pose problems and mathematical competence is not fully clarified. In this 
study, we are particularly interested in the relationship between PP, seen as a creative activity, and 
students’ progress in learning.  
3. Research methods 
The paper is based on a case study of a mathematics gifted student. We analyze a series of interviews 
with  Radu,  a  13  year  old  student  in  the  6th  grade.  Radu  won  the  final  round  of  a  contest  with  14,764  
participants of his age. The interviews took place during a summer camp for the winners of various 
competitions. During the camp, the students received the task to device new problems and to write down 
the solutions. They were asked to submit their proposals after two days. This task was not compulsory; 
students’ participation was only on a voluntary basis. Radu was among the respondents and he proposed 
the following problem: 
Prove that any parallelogram can be divided in 16,384 congruent parallelograms. 
We selected Radu for interview because we thought that his posed problem is relevant to what we 
were interested, for two reasons. On the one hand, the problem is difficult for his level of age, because it 
operates in a surprising way with large numbers. On the other hand, it has a high level of abstraction 
because it asks the proof of a property valid for any parallelogram, while the division process mentioned 
in the statement cannot be viewed, but can only be imagined.  
The protocol interview was structured around questions such as: What happens if you change a small/ 
large part of the wording?, Can you provide a more general situation/ a particular case? etc. During the 
discussion, new questions emerged, suggested by the child’s reactions. Initially, we programmed a 30 
minute interview session. Because Radu came back with new ideas after the first interview, the discussion 
continued during the next days. The interviews have been video and audio recorded, and then transcribed.  
4. Findings  
We first summarize the solution proposed by Radu to his problem because it is important for the 
analysis that follows. The entire solving is based on the drawing in Figure 1a. Radu starts from the 
observation that 16,384 = 128 x 128. Then, he divides each of the sides AB and AC of the parallelogram 
in 128 congruent segments and builds the points of division parallel to the sides of the parallelogram. In 
this way, he “gets” 16,384, that is 128 x 128 “small congruent parallelograms”. 
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Fig. 1. (a) Radu’s drawing made to explain the problem he initially proposed; (b) Radu’s drawing made in an attempt to prove the 
newly formulated problem. 
In the next sections, we analyze the characteristics of cognitive flexibility displayed by Radu, to ensure 
that this situation offers an effective creative context. 
4.1. Cognitive novelty 
A first evidence of cognitive novelty is the surprising association Radu made between the geometric 
context and the arithmetic properties of the number used in the posed problem. Typically, in the 6th grade 
(but even later!), the geometry problems do not include items of combinatorial operations involving large 
numbers. Beyond that, we wanted to see if Radu has started his problem formulation from a known 
model. Asked how he got the idea for this problem, Radu answered: 
Radu: It's my great passion: I like to make problems…This problem did not just come to my mind... I 
thought that parallel lines, if they intersect the horizontal ones… I get parallelograms. Therefore, it 
might be any number... It's an original problem, but you have to give some difficulty to it. 
Interviewer: And is this a difficult problem?
Radu: Well, the difficulty not necessarily ... it lies in the fact that [the problem] is more special, more 
atypical, and that it will scare solvers, they will think, hmm, how to do ... I like that the problems I 
make have a secret idea; in this case, the idea is to draw lines. 
Radu's response confirmed our impression (which we got by reading his statement and solving) that he 
did not start from a model problem (a problem already known and previously solved) in his proposal. It is 
to say that in relatively many of the problems proposed by other participating students, the informed 
reader can immediately recognize a proposer’s source of inspiration. This led us to the assumption that 
Radu manifests cognitive novelty. We decided to check this fact and we asked him to reformulate the 
problem, but for a different geometric shape: 
Interviewer: Let's move on to other geometrical shapes ... Propose, please, a shape... 
Radu: Well, a shape that would seem right to me would probably be a triangle. A similar problem ... 
so ... hmm ... let me ... I'd be less tempted to say that any triangle can be divided into 16,384 
congruent triangles, but I am not sure of the solution. (...) Yes, I would be tempted to do again with 
a parallelogram and to apply the same idea, just up here [see figure 1.b]. 
Although Radu did not succeed to adapt the original idea to solve the new problem, we found that he 
can move from the initial context to another one and can develop a new problem. Functional transfer took 
place – of the posed problem in another context. This behavior is a proof of cognitive novelty: he is able 
both to come up with original ideas (his posed problem), and to develop new versions of it. 
4.2. Cognitive variety 
The explanation given by Radu on how he came to the formulation of his initial problem shows that he 
focused on a process ("parallel lines…, if they intersect the horizontal ones, we get parallelograms") and 
a) b) 
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not on information or results. This process, based on which he builds a mental framework, allows Radu to 
adapt the solution of the initial problem (the sides have to be divided into an equal number of segments) 
to other numerical data. 
During the interview, Radu turns out to be able to build variations to his own problem. We were 
surprised to see that he not only proposes new wordings with other numerical data, but, he naturally 
comes out at a generalization of the problem. First he noticed the fact that each side of the parallelogram 
must be divided into several equal parts. This implies therefore that none of the sides is left undivided and 
hence the number of congruent parts is not a prime number. Later, he realized that this condition is 
artificial and does not influence the problem solution, but instead of simply changing the problem and 
giving up this condition, he transposed the information as a new problem. 
Interviewer: How did you generalize?
Radu: "Prove that any parallelogram can be divided into p congruent parallelograms, where p is in 
N* and it is not prime number ..." and point b ... that I made to highlight the beauty of the problem: 
"The author said that p is not a prime number; if p is prime, could the parallelogram be divided into 
p congruent parallelograms?"
From the above statements, we see that Radu is able to give a variety of problem reformulations. 
Moreover, he can catch reformulations in relevant generalizations. Radu manifest even an expert view, 
commenting, in a meta-mathematical perspective, what the beauty of a problem means. The statement of 
the generalized problem is obviously far away from many other particular formulations. Therefore, 
Radu's behavior proves cognitive variety: he comes up with a large gamut of new emerged problems. 
4.3. Cognitive framing 
We further explored the new context proposed by Radu (the division of a triangle into congruent 
triangles) to see if his newly proposed alternatives are consistent. He tried to solve the problem in some 
particular cases, where the number 16,384 is replaced with much smaller numbers, such as 6 or 9. The 
drawings he made for these cases (see Figure 1b) led him to the idea that it is plausible to require some 
other conditions: 
Radu: Wait a minute, let me think; the first time, it looked that I have to put a new restriction.... I’ll 
draw the parallelogram, I will divide it in parallelograms, but the number of triangles is double 
compared to the number of parallelograms ... you understand why.  Don’t you? ... 
The student realizes that this problem does not work and reaches the conclusion that a new different 
condition is needed. This brings evidence that Radu is able to change the initial frame. Changing the 
context of the problem does not automatically lead to change the method of solving. As expected, Radu 
tried first to use the old method. The argument for doing so is that this method was already "familiar". 
Radu: Well, I would still look at the parallelogram idea, but I am stuck because I cannot find a 
triangle. Maybe I have to approach it otherwise, but I think that the parallelogram idea is the best. 
But I do not know how to find… 
Interviewer: But why do you think that?
Radu: Well, it's the starting idea of the problem and I like to work with it because it's familiar.... 
Maybe someone else ... I think that it is elegant and beautiful. 
After several unsuccessful attempts, Radu realizes that he cannot adapt the old method to solve the 
new problem and requires some more thinking time. He comeback later, over about 1 hour, with a new 
trial (which also turns out wrong), but next, without any support, he got to the conclusion that it is 
plausible that the number of triangles is a perfect square. Radu returned the next day with an accurate 
approach to solve the new problem. It is interesting that, trying to explain his new idea, he intuitively calls 
knowledge that he could not formally have at his age, such as similarity of geometric figures. (He speaks 
about increasing and decreasing (i.e. homothetic transformation) of some parts of the figure.). This 
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behavior of the student (first, he tries to adapt the initial solving method to the new context, different from 
the original; then he synthesizes what is essential within the method, and finally come up with the correct 
solution) proves that Radu is able of cognitive framing, in spite of some hesitations, inherent to age. 
Meanwhile, Radu shows significant cognitive acquisitions on understanding the problem: it seems that PP 
context appears as a challenge that invites the student to self-improvement. 
5. Conclusions 
In this study, we have tried to find if there is a relationship between tasks involving creative 
approaches and the quality of learning. We referred to a high achiever in mathematics because the display 
of progress in this case is more relevant for the hypothesis of deep understanding. The student proved all 
the components of cognitive flexibility: cognitive variety – a large gamut of new emerged problems; 
cognitive novelty – his new proposals were far from the starting item, and cognitive framing – he 
spontaneously came up with new conceptual frameworks.  
In the creative context generated by the PP session, the student reached a number of new 
understandings, which he did not previously master (for example, understanding that if two geometrical 
figures are related via some properties, then the methods of solving are not necessarily transferable). He 
reached this conclusion after several unsuccessful attempts of adapting the original method of solving to a 
new problem context. Moreover, after several alternative proposals (particular cases, new conditions 
added), he came up with new intuitions for both the correct wording and correct solution, even if the 
solution  was  based  on  concepts  he  did  not  study  yet.  This  shows  that  Radu  went  through  a  process  of  
learning, during which he was highly motivated. The challenging context generated by the PP situation 
made the student to deepen his actual knowledge, pushing him to anticipate future knowledge, and thus 
enhancing learning. Therefore, beyond the inherent limitation of a monograph study with a single 
participant, the conclusion is relevant: learning is more efficient if the training of gifted children involves 
their participation in eliciting problems, and not only in solving problems – as it frequently happens. 
Moreover, a lesson can be drawn for counseling activities: challenging contexts that make room for the 
personal involvement of the gifted child in his/her own counseling might enhance the power of advice. 
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